SUMMARY
Resistance to use antifungal drugs is a great concern seeking for scientists to discover new products to treat fungal infections. The aim of this study was to evaluate the antioxidant and antifungal activities of essential oils and extracts of Plectranthus grandis and Plectranthus ornatus against Trichophyton rubrum and Microsporum canis dermatophytes strains. Extracts were obtained from leaves by maceration in ethanol (96%) during 7 days. The oils were obtained by hydrodistillation and analyzed by gas chromatography/ mass spectrometry. A total of 25 components were identified, as major constituents the sesquiterpenes β-caryophyllene, α-copaene, germacrene, β-caryophyllene and caryophyllene oxide. Antioxidant activities were evaluated using DPPH scavenging assay and antifungal action was determined by the broth microdilution method. The decocts obtained from the extraction of essential oil presented a greater antioxidant action when compared with the essential oils, with IC 50 values of 12.35 µg/mL and 15.69 µg/mL to P. ornatus and P. grandis, respectively. Natural products presented significant antifungal activity, with MIC values ranging from 0.078 mg/mL to 0.31 mg/mL for all strains. The synergistic activity between Plectranthus spp. extracts and ketoconazole demonstrated a fungal growth inhibitory action when combined with a standard antifungal drug, indicating its potential for use in preventive veterinary medicine to treat dermatophytoses. 
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INTRODUCTION
The problem of antifungal resistance is a major concern in clinical practice, mainly due to the indiscriminate use of antimicrobial drugs, which interferes with therapeutic safety. New therapies are therefore needed against pathogenic fungi. Researchers aim to discover new antifungal drugs either by testing already existing medical compounds and compounds from natural sources such as plants, marine organisms, and microorganisms (SANGLARD, 2016) . Plectranthus L'Hér (Lamiales: Lamiaceae) is a genus commonly found in Brazil Northeast region containing about 300 species distributed in the world tropical regions (LUKHOBA et al., 2006) . In a previous study the essential oil of Plectranthus amboinicus has been showed antimicrobial activity against Gram-positive and negative bacteria strains and Candida albicans and C. tropicalis yeasts by the broth microdilution and agar diffusion methods. This activity might be due to the presence of two major monoterpenoid compounds, carvacrol and camphor (ERNY-SABRINA et al., 2014) . The oil of P. barbatus is reportedly effective against two Cryptococcus neoformans strains (SANTOS et al., 2015) . Antimicrobial activity of Plectranthus sp. has already been reported, but activity against fungal strains isolated from animals is rarely described. Among the significant diseases in veterinary medicine, dermatophytoses are skin mycoses caused by fungi belonging to the genera Trichophyton, Epidermophyton and Microsporum, with a high affinity for keratinizined tissues (BOUCHARA et al., 2017) . Such fungi have shown strong resistance to conventional treatment, so Plectranthus spp. extracts could be viable alternatives because they present bioactive compounds in their composition, such as phenolic compounds. The search for natural products with biological potential for the treatment of infectious diseases is important, especially for fungal infections. T. rubrum and M. canis, which cause skin diseases in humans and animals, is an alternative that aims to reduce the side effects of commercial antifungal compounds and the development of resistant fungi (BOUCHARA et al., 2017) . In this context, this study evaluated the antioxidant and antifungal activities from extracts and essential oils of P. grandis and P. ornatus against dermatophytes fungi Trichophyton rubrum and Microsporum canis.
MATERIAL AND METHODS
Leaves of Plectranthus grandis and
Plectranthus ornatus were collected in the Francisco José de Abreu Matos Medicinal Plant Garden at Federal University of Ceará. The plants were identified and samples deposited in the Prisco Bezerra Herbarium of the same university, with numbers 28377 (P. grandis) and 31929 (P. ornatus). Extracts were obtained from leaves by maceration in ethanol (96%) during 7 days. The solvent was evaporated in a rotary evaporator to obtain crude extracts: ethanol extract from Plectranthus leaves (EEPGL) and ethanol extracts from Plectranthus ornatus leaves (EEPOL). Essential oils were obtained by hydrodistillation in a Clevenger apparatus, with heating the leaves in water during 3 hours. In this process, decoct (water solution remaining in the distillation flask) and hydrolate (condensed water that held the essential oils) were also obtained. The decoct obtained from essential oil extraction, after freezing, was lyophilized at an average temperature of -51°C, at negative pressure in a Liobras model L101 freeze dryer. The lyophilized decoct was extracted with ethyl acetate (4 x 50 mL) and the ethyl acetate solution was dried with Na 2 SO 4 and rota-evaporated to remove the solvent. The chemical analysis of the constituents of essential oils was performed by gas chromatography combined with mass spectrometry (GC-MS-FID) in a Shimadzu QP-2010 apparatus using the following conditions: column: DB-5 MS (Agilent, ; coated capillary column of fused silica (30 m × 0.25 mm x 0.25 µm); carrier gas: He, at a flow rate of 1 mL/min in constant linear velocity mode; injector temperature: 250ºC in split mode (1: 100); and detector temperature: 250ºC. The column temperature was programmed from 35 -180°C at 4 °C / min, then 180 -280ºC at 17°C / min and 280 ºC for 10 min. The mass spectra were obtained with electron impact of 70 eV. The injected sample volume was 1 mL. The compounds were identified by their retention indexes by gas chromatography compared to known compounds for the type of column used, and by comparison of their mass spectra with those present in the database of the NIST's virtual library and spectra published in the literature (ADAMS, 2012) . The analysis is based on visual observation of color changes or precipitate formation after addition of specific reagents to the plant extracts (MATOS, 2009; SIMÕES et al., 2010) . The Brand-Williams method (1995) was used, by placing 3.9 mL of a methanol solution (6.5 x 10 -5 M DPPH free radical) in test tubes. Then 0.1 mL of the methanol extract solution was added to each tube, with nine sample concentrations (250 mg/mL -0.025 mg/mL). Tests were performed in triplicate for each concentration. Absorbance was measured with a Spekol spectrophotometer at a wavelength of 515 nm. Results were used to calculate scavenging rate of the sample in percent (SR%), using the formula: SR% = (A DPPH -A SAMPLE / A DPPH ) x 100, where A SAMPLE is the absorbance of the sample after 60 minutes.
BHT (butylated hydroxytoluene) and quercetin were used as positive control. These values were applied in the Origin 7.0 statistical program to calculate the concentration that inhibited 50% of free radical solution (IC 50 (CLSI, 2008) . Minimum fungicidal concentration (MFC) was determined according to Fontenelle et al. (2007) . Extracts were prepared in DMSO and essential oil in mineral oil in concentrations ranging from 2.5 to 0.003 mg/mL. The inoculum was prepared from strains grown on potato dextrose agar for 5 days at 35°C. Fragments of dermatophytes fungi were transferred to tubes containing 9 mL of saline to obtain a turbidity equivalent to the standard 5x10 Controls for growth and sterility of the wells were included for each tested strain. Plates were incubated at 37 °C and were read after 5 days for dermatophyte fungi. All tests were run in duplicate and MIC was defined as the lowest concentration able to inhibit 100% of visible fungal growth. The minimum fungicidal concentration (MFC) was determined by subculturing 100 µL of the well solution without turbidity on potato dextrose agar at 28°C.
The interaction of the ketoconazole with P. grandis and P. ornatus extracts was evaluated by the checkerboard method, expressed as the sum of the fractional inhibitory concentration (FIC) index for each sample, representing the sum of the FICs of each drug tested, where the FIC is determined for each drug by dividing the MIC of each drug when used in combination by the MIC of each drug when used alone. Initially, 50 µL RPMI culture was added to all 96 wells. 50 µL of serial dilutions of plant extracts was added to the medium. Then, 50 µL of ketoconazole was placed in different concentrations, and 100 µL of inoculum was added to all wells. The inoculum alone was used as negative control and ketoconazole as positive control. Dermatophyte plates are incubated at 36°C during 10 days. This fractional inhibitory concentration index (FICI) was calculated by adding the FIC of drug A to the FIC of antibiotic B, where A represents the samples of P. grandis and P. ornatus products and B, ketoconazole. The FICI of drug A = MIC of drug A in combination/MIC of drug A alone, while the FIC of drug B = MIC of drug B in combination/MIC of drug B alone, and the FICI = FIC of drug A + FIC of drug B. Synergism was defined as FICI ≤ 0.5, additive effect when 0.5 < FICI ≤ 1.0, indifference when 1.0 < FICI ≤ 4.0, and antagonism when FICI > 4.0 (WHITE et al., 1996 , SOBRINHO et al., 2016 . All assays were carried out in triplicates. The data analyses were expressed as mean ± standard deviation (SD). One-way ANOVA with the Tukey was determined with GraphPad Prism software 5.0 (GraphPad Software, San Diego, CA). Significance of difference was accepted at P <0.05.
RESULTS AND DISCUSSION
Phytochemical tests of leaf ethanol extracts from Plectranthus species revealed the presence of tannins and favonoids in all extracts; flovone and saponins for EEPGL; and steroids in EEPOL (Table 1) . Therefore, it is likely that the antioxidant and antifungal potential of such compounds are responsible for the relevant results of the leaf extracts. Essential oils of P. grandis (EOPG) and P. ornatus (EOPO) presented 25 constituents, which were identified by CG-MS-FID, through the analysis of mass spectra in comparison with literature data and Kovat's indexes (ADAMS, 2012). In P. grandis species, β-caryophyllene (38.25%), α-copaene (13.23%) and germacrene (11.38%) were the main constituents. In P. ornatus the main components were caryophyllene oxide (61.74%) and β-caryophyllene (10.65%) ( Table 2) . The constituents present in Plectranthus spp. oils were similar to those found by previous study (ALBUQUERQUE et al., 2007) , except for the absence of oxygenated monoterpenes such as thymol and eugenol in our study. Nevertheless, the observed variations in the composition of the oils can be attributed to factors such as soil and weather, which were different in this study compared to other studies of Thymus hyemalis (MARTINEZ et al., 2005) and Lippia graveolens (CALVO-IRABIEN et al., 2014) . Caryophyllene oxide was the major compound in EOPO, while in EOPG, β-caryophyllene, α-copaene and germacrene D were the most abundant. The absence of oxygenated monoterpenes could explain the low antioxidant activity. However, ethanol extracts and decocts of the essential oils extracts from the leaves showed a higher antioxidant capacity in comparison to quercetin, the standard flavonoid. The antioxidant capacity is evaluated to different methods, which depends on different generators of free radicals. The assay using free radical DPPH (1,1-diphenyl-2 picrylhydrazyl) exhibit the ability to scavenge the radical through the variation of absorbance obtained for a stoichiometric color loss of the radical solution in the presence of antioxidant substances present in the extract samples (SOBRINHO et al., 2016) .
Rev. Bras. Saúde Prod. Anim., Salvador, v.19, n.1, p.105-115 jan./mar., 2018 ISSN 1519 9940 http://dx.doi.org/10.1590/S1519-99402018000100010 The results of antioxidant activity of essential oils and extracts were expressed as IC 50 and are shown in Table 3 . In general, the antioxidant activity was better for the extracts when compared with essential oils. The decocts acetate fractions exhibited the highest antioxidant capacity. The oils had lower antioxidant potential, with IC 50 greater than 1000 µg/mL, compared with the standard quercetin (IC 50 4.77 µg/mL). Thus, DAFPO (ethyl acetate fraction of P. ornatus decoct) presented the best antioxidant activity and fungal inhibitory potential. Antifungal activity expressed by the minimum inhibitory concentrations (MICs) and colony formation is revealed in Table 4 . Evaluation of antifungal action of the plant extracts against M. canis strains showed MIC and MFC of 0.15 mg/mL for all samples. The best results of samples against T. rubrum were for both plant leaf ethanol extracts and essential oil and decot of P. ornatos. All samples exhibited growth inhibitory antimicrobial action for dermatophyte fungi. This suggests a combined action of the chemical constituents of the plant, in the extracts and essential oil, modulating an antifungal response, as demonstrated by Marwah (2007) for the P. cylindraceu essential oil. 77 (4.24 -5.30 ) EEPGL = Ethanol extract of Plectrantus grandis leaves; EOPG = Essential oil of P. grandis; DAFPG = Decoct acetate fraction of P. grandis; LDPG = Lyophilization decoct of P. grandis; EEPOL = Ethanol extract of P. ornatus leaves; EOPO = Essential oil of P. ornatus; DAFPO = Decoct acetate fraction of P. ornatus; LDPO = Lyophilized decoct of P. ornatus. CI = confidence interval. Antimycotic activity of the leaf essential oil of Ocimum gratissimum showed a minimum concentration of 78 mg/L against Microsporum gypseum and Trichophyton rubrum (PANDEY et al., 2014) and the leaf essential oil of O. sanctum showed antifungal activity against dermatophytes at a concentration of 200 mg/mL (BALAKUMAR et al., 2011) . Some of these EOs are rich in phenols, which show strong antioxidant properties, and some of them also show antimicrobial properties. Oils and extracts of Plectranthus spp. in this study showed antifungal activity similar to essential oils rich in phenolic compounds, such as those of Thymus vulgaris and Thymus zygis, which are widely used in herbal medicine especially for the treatment of dermatophytoses (PROENÇA-DA-CUNHA et al., 2008) .
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Other components, such as α-pinene, myrcene and α-humulene, are common in the Plectranthus genus (P. rugosus, P. fruticosus, P. coleoides, P. tenuiflorus, P. defoliatus and P. incanus) and show bactericidal and fungicidal activities (CHENG et al., 2004; NGASSAPA et al., 2016) . These constituents were also detected in small amounts in the analysis of P. grandis and P. ornatus. Several authors have studied the effect of different antifungal agents that act as inhibitors through the same or different metabolic pathways, such as combinations of azoles, allylamines and azoles in the ergosterol biosynthesis pathway. Essential oils and extracts of P. grandis and P. ornatus presented antioxidant capacity to stabilize free radicals molecules and growth inhibitory antifungal action at very low concentrations against T. rubrum and M. canis dermatophytes strains. In addition, the ethanol extract of P. grandis demonstrated synergism in combination with ketoconazole. Therefore, these extracts and oils have potential for the development of new antifungal drugs, and the demonstration of antifungal and antioxidant effects supports the traditional use of Plechtranthus species in treating skin ailments.
